Objective. To evaluate the distribution of molecular subtypes of breast tumors diagnosed in young Brazilian women and to analyze the frequency of loss of heterozygocity (LOH) in BRCA1 among different molecular subtypes of early-onset breast cancer. MethOds. Samples from 72 cases of invasive breast carcinoma diagnosed in women aged between 19 and 40 years were evaluated using an immunohistochemical panel of biomarkers. Three intragenic BRCA1 locus microsatellites, D17S1322, D17S1323, and D17S855, were PCR amplified from matched normal (lymphocyte) and tumor DNAs for (LOH) analysis. Results. We found 13 cases (18%) that had an immunohistochemical profile consistent with being basal-like. Forty cases (55%) were luminal A type; 11% (8 cases) were luminal B type, 13% (9 cases) were HER2-overexpressing tumors and two cases were ER-/HER2-carcinomas lacking basal marker expression. Four of the 16 informative cases at D17S1322, one of the four informative cases at D17S855, and none of the five informative cases at D17S1323 displayed LOH (four basal-like and one Luminal A). Microsatellite instability (MSI) at D17S855 and D17S1322 was found in two cases (one a basal-like and one Luminal A). cOnclusiOn. In our study, basal-like tumor was the second most frequent molecular type among young Brazilian women and was only observed in women diagnosed under the age of 35 years. There was no significant difference of LOH at BRCA1 locus rates between basal-like breast tumors and not-basal-like breast tumors (p=0.62). LOH in BRCA1 and MSI in these breast cancers were not frequent but may indicate a small group of breast cancers with a specific molecular makeup.
Artigo Original intROductiOn
Breast cancer represents a heterogeneous group of lesions in terms of clinical presentation, pathological features and outcome, reflecting their molecular complexity and biological diversity. Gene expression profiling analysis has defined five molecular subgroups of breast cancer with different prognoses that include luminal A and luminal B types, basal-like type, ERBB2-overexpressing type and normal breast tissue-like [1] [2] [3] [4] [5] . The luminal A and basal-like subtypes have been identified and validated as the two main subtypes of breast cancer which have been associated with the most diverse outcomes. Basal-like tumors have been associated with shorter overall and disease-free survival period and luminal A type tumors have been correlated with good prognosis. Luminal A tumors are characterized by high expression of estrogen receptor (ER) gene and expression of several other genes that are expressed in luminal epithelial cells of the breast 4, 5 . Basal-like breast carcinomas, as defined by gene expression profile, present low to absent expression of estrogen receptor gene and expression of genes related to basal epithelial cells of breast tissue, including cytokeratins 5 (CK5) and 17 (CK17) and laminin 4, 5 . This subtype of breast cancer accounts for 15% of all breast carcinomas and affects mainly younger patients and has been associated with carcinomas showing high histological grade, high proliferative rate, frequent TP53 somatic mutations and poor prognosis 4, 5 . In clinical practice, breast cancers have been primarily classified using the immunohistochemical results for estrongen receptor (ER), progesterone receptor (PR) and HER2 protein, protein expression [6] [7] [8] [9] [10] [11] . Triple-negative breast carcinomas (TNBC) lack ER, PR and HER2 expression. Triple-negative carcinomas account for 10-17% of all breast carcinomas 10, 11 . Both basal-like tumors and TNBC affect mainly young, AfricanBrazilian women and are correlated with poor prognosis. Notwithstanding the overlap between these two entities, it has been described that patients with triple negative breast cancers expressing basal markers had a significantly shorter diseasefree survival than those with triple negative cancers lacking the expression of basal markers 10, 11 . Basal-like tumors correspond to the group of ER-negative and HER2-negative tumors that express at least one basal marker, several of which have been assessed in immunohistochemical panels including cytokeratins 5/6, 14 and 17 and P-cadherin [8] [9] [10] [11] . HER1 (EGFR) expression has also been associated with basal-like tumors and could be useful to identify basal-like tumors and select patients for new target therapies 7, 10, 11 . Breast cancers arising in carriers of BRCA1 germline mutations are commonly of the basal epithelial phenotype 4, [12] [13] [14] . Luminal A type tumors are ER-positive and HER2-negative whereas luminal B are ER-positive and HER2-positive. The HER2-overexpressing tumors group is that of ER-negative and HER2-positive carcinomas and expression of basal markers in this group is variable using immunohistochemistry assay 8 . Approximately 13% of breast cancers occur in young women between 20 and 44 years of age. Breast cancer arising in young women is correlated with lower survival and higher incidence of negative clinicopathologic features when compared with older counterparts 16 .The high prevalence of basal-like cancers among premenopausal African-American women could contribute to the poor prognosis of young African-American women with breast cancer 10 . Germline mutations in the two major breast cancer susceptibility genes, BRCA1 and BRCA2, contribute to a proportion (40-70%, depending upon definition and setting) of breast and ovarian cancers in multiple-case families. They also contribute disproportionately to early-onset breast cancer even in the absence of family history. BRCA1 and BRCA2 are tumor suppressor genes and are classically understood to require a functional loss of both alleles before tumorigenesis proceeds. Thus, in germline mutation carriers, tumor progression depends on loss of the wild-type allele, often molecularly detectable as loss of heterozygosity (LOH) 17, 18 . However, LOH at the BRCA1 and BRCA2 loci has been detected in 20% and 70% of sporadic breast and ovarian cancers respectively, leaving open the possibility that these two susceptibility genes could be involved in a proportion of breast cancer in non-mutation carriers [17] [18] [19] [20] [21] . In this study we evaluated the distribution of molecular subtypes of breast tumors in a group of very young Brazilian women using an immunohistochemical panel of biomarkers on tissue microarray (TMA) to address the frequency of basallike carcinomas among this special group of women with breast cancer. Concerning the overlapping between TNBC and basal-like tumors, we also compared the immunohistochemical expression of different basal markers among breast carcinomas according to the ER and HER2 expression to evaluate their association. We also performed a LOH analysis within BRCA1 to evaluate LOH in BRCA1 among different molecular subtypes of early-onset sporadic breast cancer. None of the patients presented bilateral tumor at diagnosis or had any previous diagnosis of breast and/or ovarian cancers. In two cases, tumors were associated with pregnancy. Ethics approval was obtained from the IRB of the International Agency for Research on Cancer, Lyon, France.
MethOds

Breast cancer case selection
Tissue microarray construction
Tissue microarray (TMA) blocks were prepared by extracting 0.6mm diameter cores of representative areas of tumors from the original paraffin blocks using a Beecher Instruments tissue core extractor and then re-embedding the cores into recipient TMA blocks. Six TMA blocks were constructed containing 12 cases each and each case was presented by 4 to 6 cores that corresponded to different representative areas from each tumor. Cores of liver and normal breast tissue were placed as reference points in the TMA blocks. Thirty serial histological 3µm sections for each block were prepared and a Haematoxylin-Eosin stained section from each block was reviewed to confirm presence of appropriate representative areas of the original lesion.
Immunohistochemistry
Each set of 6 TMAs was stained with commercially available antibodies: ER (RabMab clone SP1-Neomarkers, USA-readyto-use); HER2 (clone NCL-L-CB11-Novocastra, UK-1:200); Keratin 5 Ab-1 (clone XM26-Neomarkers, USA-ready-to-use); Keratin 14 Ab-1 (clone LL002-Neomarkers, USA-ready-to-use); P-cadherin (clone 56-BD Transduction Laboratories, USA-1:2000); Keratin 8 Ab-4 (clone TS1-Neomarkers, USA-1:400); EGFR (HER1) (clone EGFR.113-Neomarkers, USA-ready-touse). Antigen retrieval was done for all markers by boiling the tissue sections in 10mM citrate buffer, pH 6.0 for 20 minutes, followed by cooling at room temperature for 20 minutes. After washing in a phosphate buffer solution (PBS), endogenous peroxidase activity was blocked by incubation in 3% hydrogen peroxide solution in methanol (Merck, Germany). The slides were incubated with a blocking serum (Vector, USA) for 20 minutes and then incubated with specific primary antibody. A one hour room temperature incubation was used for all markers. Detection was obtained by Impress kit (Vector, USA) with diaminobenzidine chromogen as per routine protocol. Tissues were then counterstained with Haematoxylin and coverslipped using a permanent mounting solution. An additional TMA block containing several cores of normal breast tissue, breast tumors, and normal skin was constructed and used as positive control for ER, keratins 5, 14 and 8, and P-cadherin. Positive control slides for EGFR staining were provided by Neomarkers-USA. Negative control (omission of the primary antibody) was performed for each marker.
Interpretation of immunohistochemistry A modified histochemical score (H-score) was applied for ER, keratins (CK) 5, 14 and 8 and P-cadherin staining.This score combined an assessment of intensity of staining and percentage of positivity. Intensity was scored as 0, 1, 2, or 3 corresponding to negative, weak, moderate or strong positivity. In addition, the percentage of positive was calculated by counting the total number of cells, and number of cells stained for each intensity using an image analysis program, UTHSCSA-Image Tool for Windows version 3.0. The score was calculated (0 x negative%) (1 x weak %) (2 x moderate %) (3 x strongly stained %). The score ranged from 0 to 300. Each core was scored individually and a mean of the informative cores was obtained for each tumor. If only one informative core (>50% of core with tumor) was obtained, the overall score applied was the absolute H-score. Membranous and cytoplasmic immunoreactivity were considered positive for keratins. Mostly membranous and occasional cytoplasmic immunoreactivity were considered positive for P-cadherin staining. Nuclear staining for ER was considered positive and membranous staining for EGFR in more than 10% of neoplastic cells was considered as positive. One observer (L.C.) scored all cases. HER2 staining was evaluated by two observers (L.C and L.F) using the Herceptest criteria; only cases classified as 3 were considered HER2 positive. 
microdissection and DNa Extraction
PCR amplification/LOH analysis
Three intragenic BRCA1 locus microsatellites, D17S1322, D17S1323, and D17S855, were PCR amplified from matched normal (lymphocyte) and tumor DNAs. Oligonucleotide primers for these markers were retrieved from the Genome Database (http://www.gdb.org). The forward primers were fluorescently end-labeled with 5´HEX (D17S855); 5´FAM (D17S1322) and 5´FAM (D17S1323) (MWG Biotech, Ebersberg, Germany). PCR reactions of 25 µl volume were performed in 2.5µl of buffer (10mM Tris-HCl, pH 8.0), 0.75µl of 50mM MgCl, 1.5 µl of each Primer (10mM), 1.0µl of dNTP (5µM), 0.125µl of Taq DNA polymerase (5unit/µl-Platinum ® Taq DNA Polymerase-Invitrogen, USA), 4µl of prepared DNA and 15.2µl of H 2 O. Following initial denaturation (at 95°C for 5 min), 45 cycles of PCR (95°C for 30s; 58°C for 30s and at 72°C for 30s) and a final extension (at 72°C for 5 min) were performed. PCR products (2.0 µl) were mixed with formamide and a Rox-labeled molecular weight standard and analyzed in a model ABI PRISM automated DNA sequencer (Applied Biosystems, Foster City, USA) according to the manufacturers protocol. Differences in the relative allele intensity ratio measured by the area under the curve using ABIPRISM Genotyper ® Software version 3.7.NT (Applied Bisystems, Foster City, USA) between tumor and normal DNA were indicative of LOH for a given marker.
Statistical analysis
We used the Fisher exact and Chi square tests (SAS software, version 8.2, SAS Institute, Cary, NC) to assess differences in the proportion of basal marker expression in different breast cancer phenotype groups and the LOH frequency among the molecular subtypes of breast tumors. Results with p<0.05 on a two-sided test were regarded as significant. Table 1 shows a summary of the histological types and grades of the 72 assessed breast cancers from very young Brazilian women. Sixty three cases (88%) were invasive ductal carcinoma, not otherwise specified (NOS), four were invasive lobular carcinoma type, two were of medullary carcinoma type, two were of atypical medullary carcinoma type and one was a mixed carcinoma (ductal and lobular carcinoma). Three cases were grade I, 40 cases (55.5%) were grade II, and 29 cases (40.2%) were grade III. Data related to stage pT and pN were available in 56 cases and 38 cases respectively. Forty-five cases presented tumors larger than 2.0cm (2.5cm -11.0cm) and twenty-five cases had metastasis in axillary nodes (N).
Results
Histopathology findings
Immunohistochemistry
Biomarkers were evaluated for all 72 cases. As all ER-/HER2-tumors are potentially basal-like, we evaluated the expression of basal markers among the different subgroups of breast tumors according to their ER/HER2 protein expression profile in order to evaluate which candidate basal marker would be most useful in an immunohistochemical panel to identify the basal phenotype. We found that 13 of 15 cases (86.6%) of ER negative/ HER negative tumors had a basal-like immunohistochemical profile. Of these, 60% expressed keratin 5/6 (CK5/6) ( figure  1 ) and 73.3% were positive for P-cadherin ( Figure 2) to 0.19-CI95%) and 0.5 (0.24 a 0.46-CI95%) respectively (Tables 3 and 4) . P-cadherin expression was frequent among ER negative carcinomas 0.30 (0.0 a 0.41-CI95%) (Tables 3  and 4 ). Our results showed that CK14 did not provide additional information compared to CK5 and P-cadherin expression (Tables  3 and 4) . High H-score values for CK5/6 and P-cadherin were found among ER negative/HER2 negative tumors. Only two cases of ER-/HER2-tumors were negative for all epithelial basal markers included in our panel. These tumors need additional investigation in order to clarify their molecular portrait. Basallike tumors were restricted to patients younger than 35 years-old (19-34 years-old). According to these criteria, 55% (40 cases) of the examined tumors were luminal A (ER /HER2-); 18% (13 cases) were basallike, 11% (8 cases) were luminal B (ER /HER2 ), and 13% (9 cases) were HER2-overexpressing tumors (ER-/ HER2 ). All medullary carcinomas (4 cases), classic and atypical, were positive for P-cadherin and fell into the basal-like tumor group. While 11 cases of basal-like tumors were invasive ductal carcinoma NOS, grade III, we did not find any significant correlation between molecular subgroups and histopathological varibles (type, grade, pT or pN).
LOH-analysis in BRCA1
A total of 168 DNA samples from matched normal (lymphocytes) and corresponding tumor tissues were prepared for analysis. We obtained acceptable marker performance for 33 tumor-normal pairs at D17S1322, 19 pairs at D17S855, and 15 pairs at D17S1323. We found 16 informative cases for D17S1322 (48.5%); four informative cases for D17S855 (21%) and five informative cases for D17S1323 (33.3%). Our results showed LOH in four of 16 informative cases (25%) at D17S1322 and one of four informative cases at D17S855. Of the five cases with LOH at the BRCA1 locus, immunohistochemical analysis revealed that four were basal-like tumors (cases 4, 17, 20 and 22) and the fifth was a luminal B tumor (case 66). In addition, we noted microsatellite instability (MSI) in BRCA1 at D17S855 and D17S1322 in two cases, one a basal-like tumor and the other a luminal A tumor. Frequencies of LOH are summarized in Table 4 . Data related to family history of breast and/or ovarian cancer were available in only 10% of cases and no cases were identified as having a family history of breast cancer.
discussiOn
Basal-like breast cancers are an important group of breast cancers, especially among young women in whom they are more commonly observed. This group of breast cancers displays more aggressive clinical behavior and has poorer prognosis [1] [2] [3] [4] [5] , is more commonly observed in carriers of germline BRCA1 mutations and often contains somatically acquired TP53 mutations. The basal-like group also express molecules, candidates to be targets for specific therapies such as HER1 [6] [7] [8] [9] [10] [11] . For these reasons it is fundamentally important that these cancers be identified, at the time of diagnosis, for adequate clinical management (appropriate surgery, therapy and referral to clinical genetics if required ) can be provided [6] [7] [8] [9] [10] [11] 23 Although first described via expression array technology, immunohistochemical approaches offer the opportunity to characterize the expression of key molecules that define basallike (and other) breast cancers subgroups even in clinical facilities with minimal resources for molecular profiling. The defining molecular make up of basal-like breast cancers includes lack of ER and ERBB2 expression and thus it is important to utilize additional markers whose expression corresponds to the basallike group. Antibodies to cytokeratin 5/6 (CK5/6), 17 (CK17), 14 (CK14) and other proteins such as EGFR (HER1), P-cadherin, and p63 have been reported as basal markers. Hence, an immunohistochemical panel including antibodies to ER protein, HER2 oncoprotein and additional basal markers could be useful to classify breast carcinomas at molecular level 6-11 without highly sophisticated resources. Our results show that CK5/6 and P-cadherin are useful markers to predict basal-like cancers among ER-negative/HER2-negative breast carcinomas in young Brazilian women. This could offer an effective strategy to identify these cancers at the time of diagnosis so that appropriate clinical management could be offered. Immunohistochemistry results are variable, depending on the antibodies and protocols used. Some series have shown that rabbit monoclonal antibodies (RabMab) for hormone receptors and HER2 have presented better results when compared to mouse monoclonal antibodies (Mabs). However, Mabs for ER (6F11) have shown similar results compared to RabMab and Mabs for HER2 and seemed to be more specific than RabMab for HER2 24 In our study,we evaluated the immunohistochemical staining using an H-score based on intensity and the percentage of stained cells. Semi-quantitative studies for basal markers have established a cutoff of 10% or greater for basal cytokeratin staining to designate the tumor as positive for basal markers 8, 9, 11 . In our study using a quantitative approach for staining of the basal markers, we found higher H scores for CK5 and P-cadherin among ER negative and HER2 negative tumors, corresponding to much more than 10% of stained cells. Only two cases of ER-negative and HER2-negative carcinomas, were negative for all basal markers tested in our study and they were classified as triple negative carcinomas (progesterone was negative also). Concerning HER2 overexpression, we found 24% of breast carcinoma cases with HER2 overexpression, which is in agreement with series for any age group [1] [2] [3] [4] [5] [6] [7] [8] . We considered as positive for HER2 only carcinomas classified as 3 staining (according to Herceptest criteria) which correspond to cases that could benefit from a target adjuvant therapy with trastuzumab [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] 23 In our study, basal-like tumors were the second most frequent molecular type among young Brazilian women and were only observed in women diagnosed under the age of 35 years. Another study on breast cancer diagnosed in young European women showed similar results 25 . Basal-like carcinomas of the breast have been described as high frequency among premenopausal African-American women who presented poor survival 10 . The high frequency of basal-like tumors among young women could be an explanation for the biological aggressiveness that has been associated with breast cancer diagnosed in young women when compared to breast cancer diagnosed in older women 8, 16, 20, [25] [26] [27] . This issue needs further studies.
Early-onset breast cancer and cancer arising in families with multiple cases of breast and/or ovarian cancer have been associated with BRCA1 and BRCA2 germline mutations. Loss of heterozigosity (LOH) in the BRCA1 and BRCA2 loci has been detected in up to 70% of sporadic breast and ovarian cancers (not associated with multiple-case families), suggesting that these two susceptibility genes could be involved in carcinogenesis of a larger proportion of breast cancers than just those associated with germline mutations in these genes 17, 19 We found LOH in four cases of 16 informative cases for the microsatellite marker D17S1322; three of them corresponded to basal like carcinomas. LOH was detected in one of four informative cases for D17S855. This case corresponded to the triple negative carcinoma. Among Brazilian women with sporadic breast cancer, LOH in BRCA1 has been previously reported in 10 of 23 informative cases for D17S855 21 . The present study found the D17S1322 marker to be more frequently informative (than D17S1323 and D17S855) and to identify LOH in 25% informative cases. LOH was detected in five of 25 informative tumors for any one marker, four basallike tumor and one not-basal-like tumor if our measurement of the rates of LOH at BRCA1 locus in basal-like breast tumors versus not-basal-like tumors is accurate. To obtain a significant difference (e.g.,p_ FET< 0.05) between the two groups, we would have had to screen approximately 100 informative tumors.
Although germline BRCA1 status information of these cases is not available, our data suggest that LOH in BRCA1 of breast cancers arising in young Brazilian women is not frequent and may be only as frequent as the anticipated germline BRCA1 mutation positive cases (estimated to be in the order of 10 of the 72 cases in this study, extrapolating from other populationbased data relevant to early-onset breast cancer) 27, 28 . Certainly the breast cancer subtype of the cases in which we observed LOH at BRCA1 (4/5 were basal-like) is consistent with the subtype commonly observed in BRCA1 mutation carriers [10] [11] [12] [13] [14] [15] . However, the number of informative cases for any marker in our study was low, maybe reflecting technical limitations due to the kind of tissue used (formalin fixed and paraffin embedded tissue) for DNA extraction from the microdissected lymphocytes.
While there appears to be no increased risk of breast cancer in hereditary nonpolyposis colorectal cancer (HNPCC) 29, 30 , we and many others have reported that a proportion of breast cancers arising in carriers of MMR gene mutations in the context of HNPCC exhibit molecular pathological evidence that the MMR gene dysfunction is associated with tumorigenesis of the breast 31, 32 . MSI has been detected in a wide variety of human neoplasms associated with and without a family history of cancer and represents diagnostic criteria for mismatch repair deficiency 33, 34 . Reports of MSI in breast cancer outside the context of HNPCC are variable. Studies have identified a low frequency of MSI in sporadic breast cancer compared to LOH 35, 36 . A study of MSI in BRCA1 and breast cancer arising in Chinese women showed a global rate of MSI of 46% 37 . MSI at locus D17S855 and has also been identified in 19% of gastric cancer in a Chinese population 38 . We identified MSI at D17S1322 locus in two cases, one basal-like carcinoma (medullary carcinoma) and another, a luminal A tumor (invasive ductal carcinoma grade II). Significance of these observations and possible association of these two cases with MMR deficiency are currently unknown. MSI in breast cancers outside the context HNPCC could potentially be an identifier of a group of cancers arising from a common but as yet undescribed pathway and warrants further investigation.
Further prospective studies must be conducted to determine the distribution of molecular subtypes of breast cancer arising in women of any age group to evaluate their clinical and prognostic impact in Brazil. These studies will be pursued to analyze the possible correlation between germline mutations in breast cancer susceptibility genes and molecular subtypes of breast tumors and develop strategies to identify young women at the highest risk.
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